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RESUMO 
 
O objetivo deste estudo foi avaliar o ângulo de contato, a habilidade de 
penetração e potencial de remineralização de infiltrantes resinosos contendo 
partículas bioativas. Foram utilizados dois infiltrantes experimentais: TEGDMA 
(100% de trietileno glicol dimetacrilato) e T/B (75% de TEGDMA e 25% de bisfenol 
glicidil dimetacrilato etoxilado - BisEMA), além do infiltrante Icon©. A estas bases 
adicionou-se partículas de biovidro de fosfossilicato de cálcio e sódio (Bag45s5), ou 
nanopartículas de hidroxiapatita (nHap), nas concentrações de 0, 10 e 15%vol. O 
ângulo de contato foi avaliado em esmalte bovino pelo método da gota séssil em 
viscosímetro com câmera acoplada, sendo calculada a média de três medidas para 
cada espécime (n=6). Para avaliação da habilidade de penetração, lesões 
subsuperficiais semelhantes à cárie foram produzidas em esmalte na face oclusal de 
molares humanos hígidos e infiltradas com os infiltrantes resinosos. A penetração 
dos materiais foi verficada em fatias obtidas dessas coroas, por meio de microscopia 
confocal de varredura a laser (n=3). Para a avaliação do potencial de 
remineralização, lesões subsuperficiais semelhantes à cárie foram produzidas em 
esmalte na face vestibular de coroas de molares humanos e infiltradas pelos 
infiltrantes resinosos. Essas coroas foram submetidas à ciclagem de pH (solução 
Des/Re) por um mês. A microdureza Knoop (KHN) foi avaliada a 20, 40, 60, 80 e 
100 μm da superfície externa do esmalte, em 3 linhas (5, 100 e 200 μm distante da 
lesão) (n=5). Para auxílio na avaliação de remineralização das partículas, a 
morfologia e o tamanho das mesmas foram analisadas por microscopia eletrônica de 
transmissão e varredura (MET e MEV), enquanto sua estrutura cristalina foi 
analisada por difração de raios X (DRX). Os dados referentes a ângulo de contato e 
habilidade de penetração foram avaliados quanto à normalidade e submetidos à 
ANOVA dois-fatores e teste de Tukey (α=0,05). Os dados referentes ao potencial de 
remineralização foram submetidos aos testes de Friedman e Kruskal-Wallis 
(α=0,05). Os resultados mostraram que a adição de 10 e 15% de nHap reduziu o 
ângulo de contato do Icon® e a adição de 15% de nHap reduziu o ângulo de contato 
do T/B. TEGDMA apresentou ângulo de contato menor que Icon® nos grupos sem 
adição de partículas e valores menores que Icon® e T/B nos grupos com adição de 
15% de Bag45s5. T/B apresentou menores valores que Icon® para grupos com 
adição de 15% nHap. A adição de partículas não interferiu na habilidade de 
   
penetração dos infiltrantes. Todos os grupos com matriz resinosa T/B apresentaram 
habilidade de penetração inferior aos infiltrantes TEGDMA e Icon®. Icon© e T/B + 
Bag45s5 15%vol apresentaram diferentes valores de KHN para os pontos avaliados 
intra-grupo, em ambos foi verificado maior dureza nos pontos mais profundos do 
esmalte. Icon© + Bag45s5 10%vol mostrou, em vários pontos, valores de KHN mais 
baixos que Icon©, T/B + nHap 10%vol, T/B + Bag45s5 10%vol e T/B + nHap 15%vol. 
Assim, concluiu-se que adição de nHap reduz o ângulo de contato de Icon® e T/B. A 
adição das partículas nHap e Bag45s5 não interfere na habilidade de penetração do 
Icon®, TEGDMA e T/B. E o TEGDMA e o Icon® apresentam melhor penetrabilidade 
que T/B. A aplicação do infiltrante T/B com adição de Bag45s5 15%vol confere um 
melhor padrão de remineralização às áreas mais profundas do esmalte, em relação 
às áreas superficiais. A adição das partículas nHap e Bag45s5 nas concentrações 
10%vol e 15%vol não aumenta o potencial de remineralização dos infiltrantes Icon©, 
TEGDMA e T/B. 
 
Palavras-chave: Vidros bioativos; Hidroxiapatita; Remineralização dentária, 








   
ABSTRACT 
 
The aim of this study was to evaluate the contact angle, the penetration 
ability and the remineralization potential of resin infiltrants containing bioactive 
particles addition. Two experimental infiltrants made with TEGDMA (100% triethylene 
glycol dimethacrylate) or T/B (75% TEGDMA and 25% ethoxylated bisphenol A 
glycol dimethacrylate - BisEMA), and the commercially available infiltrant Icon© were 
used. To these materials it was added 0, 10 or 15v% of a sodium calcium 
phosphosilicate bioglass particles (Bag45s5), or hydroxyapatite nanoparticles 
(nHap). The contact angle was evaluated on bovine enamel by the sessile drop 
method in a coupled-camera viscometer. The mean of three measurements for each 
specimen was calculated (n=6). For penetration ability evaluation, caries-like 
subsurface lesions were produced in the enamel of occlusal face of human sound 
molar crowns and infiltrated with resin infiltrants. The materials penetration was 
verified in slices obtained from these crowns, by means of confocal laser scanning 
microscopy (n=3). For remineralization potential evaluation, artificial caries was 
produced in the enamel of vestibular face of human crowns, where infiltrants were 
applied. These crowns went through pH cycling process (DS-RS) for a month. Knoop 
microhardness (KHN) was measured at 20, 40, 60, 80 and 100μm from the outer 
enamel surface, in 3 rows (5, 100 and 200μm to lesion) (n=5). To aid in the 
evaluation of particle remineralization, particles morphology and dimension were 
analyzed by transmission and scanning electron microscopies (TEM and SEM), while 
its crystal structure was analyzed by X-ray diffraction (XRD). Contact angle and 
penetration ability data were checked for normality and submitted to two-way ANOVA 
and Tukey's test (α = 0.05). Remineralization potential data was submitted to 
Friedman and Kruskal-Wallis tests (α=0.05). The results showed that addition of 10 
and 15v% nHap significantly decreased contact angle values for Icon®, and addition 
of 15v% nHap significantly decreased contact angle values for T/B. TEGDMA 
presented lower contact angle values than Icon® in the groups without particles and 
lower values than Icon® and T/B in 15v% Bag45s5 groups. T/B presented lower 
contact angle values than Icon® for groups with addition of 15v% nHap. The addition 
of particles did not interfere with the penetration ability of infiltrants. All groups with 
T/B resin matrix presented lower penetration ability than those with TEGDMA and 
Icon®. Icon© and T / B + Bag45s5 15v% showed differences in KHN values according 
   
to the intragroup evaluated sites, in both was verified higher hardness pattern at 
deeper sites. Icon© + Bag45s5 10v% showed, in several sites, lower KHN values 
than Icon©, T/B + nHap 10v%, T/B + Bag45s5 10v% and T/B + nHap 15v%. Thus, it 
was concluded that nHap addition reduces the contact angle of Icon® and T/B. The 
addition of nHap and Bag45s5 particles does not interfere with the penetration ability 
of Icon®, TEGDMA and T/B. TEGDMA and Icon® have better penetrability than T/B. 
T/B + Bag45s5 15v% presents higher KHN in deeper enamel areas. The addition of 
nHap and Bag45s5 at 10 and 15v% in Icon©, TEGDMA and T/B did not increase their 
remineralization potential. 
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A cárie dental é uma doença multifatorial resultante do desequilíbrio entre 
fatores patológicos e protetores, sendo as bactérias cariogênicas, carboidratos 
fermentáveis e disfunção salivar os fatores patológicos cientificamente aceitos 
(Featherstone, 2006). O desequilíbrio produzido resulta na ruptura do processo 
fisiológico de desmineralização e remineralização (Des/Re) da estrutura dental 
(Featherstone, 2006). No desenvolvimento da lesão de cárie, o primeiro sinal 
observado é a mancha branca, opaca e rugosa, formada pelo aumento das 
porosidades do esmalte, que ocorre devido à remoção mineral inicial (Ten Cate et 
al., 2003). A lesão de mancha branca apresenta a camada superficial mais 
mineralizada e a porção central mais porosa e menos mineralizada. Se a progressão 
da lesão não for inibida, ela pode atingir a dentina e a camada de esmalte sem apoio 
dentinário pode romper-se devido às cargas mastigatórias, sendo clinicamente 
observada como uma lesão cavitada (Fejerskov e Kidd, 2005).  
Alguns estudos têm sido elaborados com o intuito de desenvolver técnicas 
de mínima intervenção para o tratamento de lesões de cárie (Paris, Meyer-Lueckel e 
Kielbassa, 2007; Rao e Malhotra, 2011; Banerjee, Thompson e Watson, 2011). Eles 
se concentram na intervenção de lesões iniciais de cárie em esmalte, aplicando-se o 
princípio da intervenção mínima em substituição à técnica invasiva tradicional para 
lesões superficiais em esmalte (Rao e Malhotra, 2011). Dentre as técnicas de 
mínima intervenção, a infiltração resinosa das lesões de mancha branca (Meyer-
Lueckel e Paris, 2008), diferentemente do selamento convencional de cárie em que 
o selante é sobreposto na superfície do esmalte, consiste na infiltração no corpo da 
lesão com resinas de baixa viscosidade, que posteriormente são polimerizadas e 
paralisam a progressão da cárie (Paris, Meyer-Lueckel e Kielbassa, 2007; Meyer 
Lueckel e Paris, 2008). Os adesivos foram um dos primeiros materiais utilizados 
para a técnica de infiltração, por serem menos viscosos e possuírem maior 
coeficiente de penetração que os selantes resinosos; no entanto, não apresentaram 
penetração efetiva na lesão (Paris et al., 2007a). Em outros estudos foram utilizados 
monômeros em concentrações diferentes daquela encontrada nos selantes de 
fóssulas e fissuras e nos adesivos; e estes materiais foram nomeados como  
“infiltrantes resinosos” (Paris et al., 2007a; Paris et al., 2007b). 
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A partir dos estudos dos materiais para a técnica de infiltração, foi 
desenvolvido um infiltrante comercialmente disponível, o Icon© (DMG). Recentes 
estudos mostraram a eficiência deste produto na infiltração de lesões de cárie em 
esmalte (Subramaniam, Girish Babu e Lakhotia, 2014; Mandava et al., 2017). A 
principal indicação da técnica de infiltração é para reduzir/paralisar a progressão da 
cárie inicial em regiões proximais dos dentes (Paris e Meyer-Lueckel, 2010; Meyer-
Lueckel, Bitter e Paris, 2012; Doméjean et al., 2015; Askar et al., 2018). Entretanto, 
estudos recentes têm avaliado a possibilidade do uso da técnica de infiltração de 
lesões de mancha branca em superfícies oclusais (Lausch et a., 2015; Lausch et al., 
2017). Para a infiltração na superfície oclusal, o infiltrante deve ter baixa viscosidade 
para penetrar na complexa morfologia das fissuras e no corpo da lesão, além de 
apresentar resistência mecânica suficiente para não fraturar quando submetido às 
tensões da mastigação. A adição de partículas de carga é um dos principais 
métodos para melhorar as propriedades físicas dos materiais resinosos (Khvostenko 
et al., 2016; Sfalcin et al., 2016).  
 As principais partículas de carga utilizadas nos materiais resinosos são o 
quartzo, a sílica coloidal e vidro de sílica contendo bário, estrôncio e zircônio. Estas 
partículas têm a função de aumentar a resistência e o módulo de elasticidade e 
reduzir a contração de polimerização, o coeficiente de expansão térmica e a 
absorção de água das resinas. Para os infiltrantes resinosos, as partículas bioativas 
tornaram-se uma alternativa interessante às partículas de carga inertes, pois além 
de reforçar os materiais odontológicos (Andrade Neto et al., 2016; Sfalcin et al., 
2016), seu possível efeito protetor no processo Des/Re com potencial  
remineralizador, pode ser coadjuvante na prevenção de cáries recorrentes em 
pacientes com alto risco de cárie, sendo esta uma das grandes aspirações na 
Odontologia (Jandt e Sigusch, 2009; Chen, 2010).  
A mineralização pode ser estimulada dentro da lesão pelo aumento das 
concentrações de cálcio e fosfato a níveis que excedam os existentes nos fluidos do 
meio bucal (Langhorst, O'Donnell e Skrtic, 2009). Várias partículas bioativas vêm 
sendo utilizadas com intuito da remineralização dental, dentre elas a hidroxiapatita, o 
fosfato de cálcio amorfo, o fosfato de β-tricálcio e os vidros bioativos (Sfalcin et al., 
2016). A hidroxiapatita é um mineral existente nos dentes, com composição 
Ca10(PO4)6(OH)2, possui interessantes propriedades de remineralização, o que a 
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torna ótima candidata a terapêuticas bioativas em Odontologia (Wang et al., 2010). 
Já o vidro bioativo vem sendo amplamente estudado na remineralização dentinária 
devido a sua capacidade bioativa em formar a apatita hidroxicarbonatada (Sauro et 
al., 2012). O biovidro 45s5 possui excelente capacidade em induzir a precipitação de 
fosfato de cálcio e subsequente cristalização na Hap quando imerso em solução 
fluida simulada livre de proteína ou saliva (Sauro et al., 2012). Este vidro bioativo é 
um fosfosilicato de cálcio e sódio capaz de formar ligação com o osso tão forte que 
não pode ser removido sem rompê-lo (Hench et al., 1971). Essa partícula é usada 
como reparador de defeitos ósseos (Hench, 2011), material de implantes (Hench, 
2011), material para procedimentos de polimento (Hench, 2011), procedimentos de 
"air-cutting", um preparo cavitário minimamente invasivo (Banerjee et al., 2010), 
dessensibilizante de dentina (Banerjee et al., 2010), entre outros. Recente estudo 
mostrou que a incorporação de partículas bioativas em infiltrantes resinosos pode 
melhorar as propriedades físico-químicas e reduzir a sorção e solubilidade destes 
materiais. Os achados dos autores mostraram valores superiores de propriedades, 
tais como grau de conversão, microdureza Knoop e resitência à tração, para 
infiltrantes resinosos experimentais contendo hidroxiapatita ou biovidro 45s5, em 
relação ao infiltrante Icon© (Sfalcin et al., 2016).  
Entretanto, não foram encontrados estudos que avaliem o efeito da 
incorporação destas partículas na habilidade de penetração e no potencial de 
remineralização de infiltrantes resinosos em lesões iniciais de cárie em esmalte. Um 
parâmetro importante para estimar o grau de penetração de um líquido em uma 
superfície sólida é o ângulo de contato (Lampin et al., 1997), em sendo a relação 
entre tensão superficial do líquido e energia de superfície do sólido. Recentemente, 
diversos autores estão empregando a observação em microscopia confocal de 
varredura a laser para determinar a penetração de um material em espécime (Paris 
et al., 2009; Paris et al., 2012; Yim et al., 2014; Mandava et al., 2017). A avaliação 
de microdureza de lesão desmineralizada e infiltrada é um método confiável para 
obtenção de informações indiretas sobre alterações de conteúdo de tecidos duros 
dentais (Mandava et al., 2017). 
Portanto, o objetivo do estudo foi avaliar o ângulo de contato, a habilidade 
de penetração e o potencial de remineralização de infiltrantes resinosos com a 
adição de partículas bioativas.  
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2.1. ARTIGO - Contact angle and penetration ability of experimental 
bioactive resin infiltrants: an in vitro study 
Artigo submetido ao periódico Clinical Oral Investigations (Anexo 2) 
Zanini MM, Favarão J, Abuna GF, Correr-Sobrinho L, Sinhoreti MAC, Correr AB. 
 
Abstract 
Objectives: To evaluate the contact angle and penetration ability of resin infiltrants 
incorporated with bioactive particles.  
Materials and Methods: Two experimental infiltrants - TEGDMA and 
75wt%TEGDMA/25wt%BisEMA (T/B); and one commercial infiltrant - Icon® were 
incorporated with two types of particles: nano-hydroxyapatite (nHap) or bioactive 
glass 45S5 (Bag45s5, SylcTM), in three concentrations: 0, 10, or 15v%. Contact angle 
were determined with the sessile drop method (n=6). To evaluate the penetration 
ability, caries-like subsurface lesions were produced in the occlusal surface of human 
sound molars. The infiltrants were applied on the demineralized surface. A 2 mm-
thickness slab was obtained from teeth and observed by confocal laser scanning 
microscopy (n=3). Data were checked for normality and submitted to two-way 
ANOVA and Tukey’s test (α=0.05).  
Results: Bioactive fillers decreased the contact angle of Icon® + 15v% nHap, Icon® + 
10v% nHap and T/B + 15v% nHap. TEGDMA presented lower contact angle than 
Icon® in no particles and 15v% Bag45s5 groups, and also than T/B for the latter. The 
addition of particles had no influence on infiltrants penetrability. Lower penetration 
ability was found in all T/B groups. 
Conclusion: The addition of nHap reduces the contact angle for Icon® and T/B. The 
addition of nHap and Bag45s5 does not interfere in the penetration ability of Icon®, 
TEGDMA and T/B. TEGDMA and Icon® present higher penetrability than T/B.  
Clinical relevance: Resin infiltrants with effective penetrability can be achieved with 
addition of bioactive particles, in particular with TEGDMA and Icon® resins, which 
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White spot lesion is an early sign of the process of dental enamel 
demineralization. It occurs when the enamel layer is breached by calcium and 
phosphate ions leaching, caused by acids produced by pathogenic bacteria. This 
occurrence may lead to the caries development, or may have the ions naturally 
replaced by the remineralization process [1] The white spot lesions are formed by 
increasing the enamel porosity [2] and, if the progression of lesion is not inhibited, the 
superficial layer of enamel is ruptured, forming a cavitated lesion. 
Focusing on the minimal intervention for the treatment of dental caries [3-
5], some researches have introduced the resin infiltration technique of white spots [6, 
7]. Unlike the conventional sealing of caries wherein the sealant is overlaid on the 
enamel surface, in the resin infiltration technique the material penetrates into the 
lesion body and subsequently is light-cured [3, 6]. Adhesives were tested as 
materials for infiltration, due to its lower viscosity and higher penetration coefficient 
than resin sealants; however, it was not observed effective penetration into the lesion 
body [8]. Monomers at different concentrations from those found in fissures sealants 
and adhesives were proposed to optimize the resin infiltration into initial enamel 
caries lesions, named as “resin infiltrants" [8, 9]. Icon® is a commercially available 
infiltrant, which has been used as good alternative therapy to arrest the progression 
of initial enamel caries lesions [10, 11].  
The efficacy of infiltration technique in the progression decreasing of initial 
caries was observed at proximal face in several studies [12-15]. However, few 
studies focusing on the penetrability of resin infiltrants on the occlusal lesions were 
found [16, 17]. To perform well in the oclusal surface, the material might have low 
viscosity to penetrate into deep areas of the lesion due to the complex morphology of 
fissures. In addition, it should have high mechanical strength to resist to masticatory 
forces. It has been found that fillers improve the physical properties of the dental 
materials [18, 19].  
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The composition of fillers may also vary in the market and can be quartz, 
silica, zirconium, strontium, barium, and others. Recent findings underscore that 
bioactive particles are an interesting alternative to inert filler particles for infiltrants 
[19, 20]. In addition to reinforcement of dental materials [19, 20], its possible 
protective effect in demineralization-remineralization process has been a dentistry´s 
aspiration [21 ,22]. Amorphous calcium phosphate, β-tri-calcium phosphate, bioactive 
glass zinc, Bag45S5 and the hydroxyapatite are some particles used to tooth 
remineralization [19]. Hydroxyapatite is a mineral present in the human bone and 
teeth [23]. Bag45s5 is a sodium calcium phosphosilicate which forms a bond with 
bone so strong that it cannot be removed without breaking the bone [24]. This 
bioglass is used as bone defects repairer [25], implants material [25], polishing teeth 
procedures material [25], "air-cutting" which suggests a minimally invasive cavity 
preparation [26], dentin desensitizer [26], among others. A recent study showed that 
resin infiltrants with bioactive particles had improved the physical-chemical properties 
and reduced sorption and solubility [19]. Additionally, higher degree of conversion, 
Knoop microhardness and tensile strength were found for experimental infiltrants 
containing hydroxyapatite or Bag45s5, compared to Icon® [19]. 
Although the physical properties of resin infiltrants with bioactive particle 
were improved, it was not found studies concerning the effect of these particles in the 
penetration ability of resin infiltrants in initial enamel caries lesions. Penetrability is 
directly related to the effectiveness of the resin infiltration technique. An important 
parameter to estimate the penetration of a liquid into a solid surface is the contact 
angle [27], which is the ratio of surface tension of liquid to surface energy of the solid. 
Recently, several authors have been using confocal laser scanning microscopy to 
determine the penetration of a material into a specimen [11, 28-30]. 
Accordingly, in this in vitro study, we aimed to evaluate the contact angle 
and penetration ability of resin infiltrants incorporated with bioactive particles. The 
hypotheses tested were: 1- the addition of bioactive particles would not influence the 
contact angle and penetration ability of infiltrants; 2- the contact angle and 
penetration ability would not be influenced by the resin matrix of infiltrants.   
 
Materials and Methods 
The use of human teeth was approved by the local Institutional Review 
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Board under the number 80200717.7.0000.5418. 
 
Preparation of resin infiltrants 
Three resin matrices were used: TEGDMA (Sigma Aldrich Inc - St. 
Louis/MO/USA) (98.4wt% triethylene glycol dimethacrylate; 0.5wt% camphorquinone 
photoinitiator; 1wt% ethyl 4 dimethylaminobenzoate co-initiator; 0.1wt% butylated 
hydroxytoluene inhibitor), T/B (Sigma Aldrich Inc - St. Louis/MO/USA) (73.8wt% 
triethylene glycol dimethacrylate; 24.6wt% bisphenol A ethoxylate dimethacrylate; 
0.5wt% camphorquinone photoinitiator; 1wt% ethyl 4 dimethylaminobenzoate co-
initiator; 0.1wt% butylated hydroxytoluene inhibitor) [19] and Icon® (DMG - 
Hamburg/Germany) (methacrylate-based resin; initiators; additives). TEGDMA and 
T/B formulations were mixed under yellow light at 23°C and mechanically mixed 
using a centrifugal mixing device Speed Mixer™ (Flack Tek Inc – Landrum/SC/USA), 
at 2000 RPM for 60 s. The nano-hydroxyapatite (nHap - Sigma Aldrich Inc - St. 
Louis/MO/USA) or Bag45s5 (Sylc™ Denfotex – London/UK - 46.1mol% SiO2, 
24.4mol% Na2O, 26.9mol% CaO, 2.6mol% P2O5) particles were added into each 
resins, in three concentrations: 0 (no particle addition), 10, or 15%vol. Components 
were mixed for 20 minutes using a magnetic stirrer at 120 rpm followed by 
mechanical mixing in the Speed Mixer™ device at 2000 rpm for 60 s. The 
independent and dependent variables evaluated in this are shown in Figure 1. 
 











1A – Resin matrices (TEGDMA – 98.4wt% triethylene glycol dimethacrylate; T/B – 73.8wt% triethylene glycol 
dimethacrylate and 24.6wt% bisphenol A ethoxylate dimethacrylate). 1B – Bioactive particles (Bag45s5 – 
46.1mol% SiO2, 24.4mol% Na2O, 26.9mol% CaO, 2.6mol% P2O5; nHap – nano-hydroxyapatite). 1C – Contact 






   
 
Contact angle evaluation 
Ninety healthy bovine incisors teeth were sectioned at the cement-enamel 
junction. The enamel from the buccal surface was ground flat with 1200-grit silicon 
carbide abrasive paper (3M – Sumaré/SP/Brazil). After, the crowns were fixed with 
sticky wax in 26x76 mm glass slides, with the buccal surface upward and paralleling 
to the glass slide. 
Contact angle were determined with the sessile drop method by the 
software Visiodrop (GBX Instrumentation Scientifique - France) coupled to the 
goniometer Digidrop (GBX Instrumentation Scientifique - France). A 3.5 μl droplet of 
each resin infiltrant was dropped on the flattened enamel of the bovine crowns (n = 6) 
with a micro syringe. After 2 s in contact with enamel, an image was recorded and its 
format was analyzed by the software. 
 
Penetration ability evaluation 
Forty-five healthy human molars teeth that had been extracted as part of 
orthodontic treatment were obtained after informed consent had been given. The 
teeth were stored in 1% chloramine solution at 4 °C, and they were used within 
3 months. Using a low-speed diamond saw, the teeth were sectioned in the cement-
enamel junction. Subsequently, the crown surfaces were covered with two layers of 
an acid-resistant nail varnish (Revlon® - New York/NY/USA), leaving a window of 
sound enamel exposed on the occlusal area (5 mm x 5 mm). 
To the caries-like subsurface lesions formation, the crowns were 
immersed in 2 mL/mm² of 0.05 M acetate buffer solution, pH 5.0, at 50% 
hydroxyapatite saturation, for 16 h at 37 ºC [31]. Despite hydrochloric acid (HCl) is 
indicated to natural caries infiltrating preparation [32] and it is the Icon® application 
protocol according to manufacturers, we observed the presence of undesirable 
cracks on artificial subsurface lesions surface with HCl application. Moreover, the 
H3PO4 efficiency in artificial caries was verified in a previous study [28]. These 
assumptions, associated with the standardization requirement in the methodology, 
lead us to use H3PO4 to acid etching, even for Icon® groups. In this way, the caries-
like subsurface lesions surfaces were etched with 37% H3PO4 solution (ECIBRA – 
Santo Amaro/SP/Brazil) for 60 s, washed with water spray for 60 s, and dried for 15 
s. The crowns were immersed in ethanolic solution of 0.1% tetramethyl-rhodamine 
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isothiocyanate (Sigma Aldrich Inc - Steinheim/Germany) for 12 h at 37°C, to fill all 
accessible pores with red fluorophore [29]. Afterwards, the crowns were dried with 
compressed air for 30 s and, immediately after, the materials were applied onto the 
lesion using a microbrush and left to penetrate for 3 min [30]. Resin infiltrants were 
light-cured for 40 s with 1000mW/cm2 irradiance with LED Valo Cordless (Ultradent – 
South Jordan/UT/USA) and, sequentially, stored in phosphate-saline buffer solution 
for 24h, at 37°C. 
Using a diamond saw mounted in Isomet 1000 (Buehler - Lake 
Bluff/IL/USA, a 1-mm-thick slab was prepared by slicing the teeth perpendicular to 
the oclusal surface, including the central area of lesion surface. The slabs were 
polished with 1200- and 2400-grit silicon carbide abrasive paper. After, the slabs 
were immersed in 30% hydrogen peroxide solution (CHEMCO – 
Hortolândia/SP/Brazil) for 12 h at 37 °C, with the aim of bleaching all red fluorophore 
that had not been enclosed by infiltrant [29]. Subsequently, the slabs were washed in 
running water for 60s. 
In order to evaluate the not-infiltrated parts of lesions, the specimens were 
immersed in a 50% ethanolic solution of 100 µM sodium fluorescein (Sigma Aldrich 
Inc - St. Louis/MO/EUA) for 3 min and washed in deionized water for 10 s. The 
penetration ability was evaluated in a confocal laser scanning microscopy (Leica – 
Heidelberg/Germany), with 63x objective lens, 10x magnification and dual 
florescence mode; fluorescein (maximum wavelength at 488nm) and rhodamine 
(maximum wavelength at 568nm) were observed at the same time (n = 3). The 
images were analyzed by a pre-calibrated and blind examiner, using the software 
LAS X Core (Leica – Heidelberg/Germany) [29]. In two sites of each specimen, it was 
performed the measurement from infiltrated depth (red) and demineralized depth 
(green) following the enamel prisms direction until the first discontinuity for both 
distances, as shown in Figure 2. Penetrations in pre-existing fissures were 
disregarded from measurements. The penetration ability value (%) of each specimen 











   
 















2A – Tooth slab (observed area circled); 2B – Image provided by confocal laser scanning microscopy (green - 
demineralized area, red - infiltrated area, S1 and S2 show the two sites where the penetration of resin infiltrants 
were evaluated).  
 
Statistical analysis 
The data were submitted to statistical analysis using the software SPSS 
21 (IBM Corp – USA). Contact angle and penetration ability data were checked for 
normality and submitted to two-way ANOVA and Tukey’s test (α=0.05). The factors 
analyzed were resin matrix (3 levels) and particles (5 levels). 
 
Results 
Contact angle  
Means and standard deviations of contact angles are presented in Table 
1. Two-way ANOVA showed statistically significant effect of resin matrix (p=0.0001), 
particles (p=0.0001), and interaction between factors (p=0.0001). The addition of 10 
and 15v% nHap significantly decreased the contact angle of Icon®, whereas for T/B 
only 15v% nHap reduced the contact angle. Contact angle of TEGDMA was 
significantly lower than Icon® when particles were not added and also with addition of 
15v% Bag45s5. T/B presented lower contact angle than Icon® when 15v% nHap was 




































































No bioactive particles Bag45s5 10v% Bag45s5 15v% nHap 10v% nHap 15v%
Table 1 – Contact Angle (degree) means (± standard deviation) of the infiltrants 
Bioactive particles 
Resin infiltrants 
Icon® TEGDMA T/B 
None 31.2 ± 1.2 aA 16.2 ± 4.7 aB 24.8 ± 6.2 aAB 
Bag45s5 - 10v% 21.8 ± 2.8 abA 19.2 ± 4.6 aA 26.1 ± 5.4 aA 
Bag45s5 - 15v% 25.2 ± 2.9 abA 14.4 ± 4.1 aB 24.3 ± 8.3 aA 
nHap - 10v% 18.3 ± 3.7 bA 18.8 ± 2.7 aA 19.1 ± 4.2 abA 
nHap - 15v% 21.0 ± 6.1 bA 17.6 ± 5.7 aAB 10.6 ± 3.8 bB 
 
Different lowercase letters represent significant difference between bioactive particles - in columns. Different 
uppercase letters represent significant difference between resin matrix - in lines (p<0.05). 
 
Penetration ability 
Figure 3 shows the penetration ability of infiltrants. Two-way ANOVA 
showed a significant effect of resin matrix (p=0.0001), whilst no significant influence 
of particles (p=0.525) and interaction between factors (p=0.735) was found. T/B 
resulted in lower penetration ability than Icon® and TEGDMA infiltrants.  
 










Different lowercase letters represent significant difference between bioactive particles – for each matrix. Different 
uppercase letters represent significant difference between resin matrix – for each particle (p<0.05). 
 
 
aA     aA      aA      aA     aA                       aA      aA      aA     aA     aA                       aB      aB     aB      aB     aB 
Icon® TEGDMA T/B 
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Discussion 
This research showed that the addition of nHap decreased the contact 
angle of Icon® and T/B. Thus, the first hypothesis was rejected. Conversely, Bag45s5 
particles did not influence the contact angle of resin infiltrants. This difference 
between these two types of particles in their performance in the material wettability 
can be explained by their different densities in the infiltrants. The amount of bioactive 
particles added to infiltrants was determined in a pilot study in which the precipitation 
of particles in the infiltrants was evaluated 24 h after the mixing procedures. Better 
dispersions of particles into resins were found for concentrations between 8.5 and 
13wt% for Bag45s5 and between 3 and 5wt% for nHap. Only concentrations below 
15wt% were evaluated for both particles because above this weight concentration, 
the fillers could reduce penetration and increase viscosity of low viscosity resins [33]. 
Due to the particle weight concentrations chosen for the study be different between 
nHap and Bag45s5, the ratio was standardized in volume to aggregate the two 
particle types suitable concentrations: 10v% (8.5wt% for and 3wt% for nHap) and 
15v% (13wt% for Bag45s5 and 5wt% for nHap).  
The contact angle depends on the surface energy of substrate and the 
surface tension of the liquid [34]. Additionally, the surface energy of particle also can 
influence the surface tension of resin. Since nHap particles are smaller than 
Bag45s5, the surface area and surface energy of nHap is higher than Bag45s5. In 
this way, nHap may have broken more intermolecular bonds of monomers and the 
resin could flow on the enamel. Conversely, the bioactive particles did not influence 
the contact angle of TEGDMA infiltrants. The wettability of TEGDMA is so high that, 
even though 15v% particles were added to infiltrant, its flowability was not altered. 
Since the smaller diameter of particles enable a greater infiltrative ability 
[35], which is influenced by the low viscosity, that also influences the low contact 
angle, we expected a higher penetration ability for nHap than Bag45s5. Conversely, 
the penetration ability of infiltrants was not influenced by addition of particles. 
Although contact angle and penetration ability are two viscosity-dependents 
properties, the results may be explained by the type of substrate used for each 
methodology. The contact angle was evaluated on polished bovine enamels, whilst 
for penetration ability the infiltrants were applied on the occlusal surface of human 
molars etched with 37% phosphoric acid. The acid etching increases the surface 
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energy of enamel and, consequently, the wettability of infiltrants [36]. In addition, the 
complex morphology of the occlusal face of molars probably makes their surface 
energy quite different from that of the vestibular face of bovine incisors. 
Another important factor concerning penetration ability may be applied by 
the Washburn equation, which associates the liquid penetration (distance - d and 
time - t) not only to the contact angle (θ) and viscosity (dynamic - η), but also to its 
surface tension (to air - 𝛾) and capillarity (capillary radius of solid pore - r), besides:  
𝑑ଶ = ቀఊ௖௢௦ఏ
ଶఎ
ቁ 𝑟𝑡                ఊ௖௢௦ఏ
ଶఎ
 = penetration coefficient 
This equation assumes that porous solid in which the liquid will penetrate is a bundle 
of open capillaries [37] and, in this case, the capillary forces propel the liquid 
penetration. The higher the penetration coefficient is, the faster the liquid penetrates 
a given capillary bed [9]. The capillarity of the substrates used for contact angle and 
penetration ability evaluations, respectively bovine incisal vestibular enamel and 
demineralized human molar occlusal enamel, is different. Further, it has already been 
shown that relatively large particles did not decrease the infiltrant movement, allowing 
its penetration into the demineralized enamel by capillary force [38]. These findings 
seem to explain why infiltrants with Bag45s5 did not present lower penetration ability 
than infiltrants with nHap, although they presented higher contact angle than in one 
group.  
An important finding was that hydroxyapatite particles had greater 
solubility than bioglass particles, which could be seen by the higher homogeneity of 
nHap infiltrants. This probably occurred due to the smaller size of nHap particles. 
Nanoparticles, with their larger surface area, have a greater tendency to dissolve 
than larger particles [39]. However, this higher solubility did not cause greater 
penetrability. It is valid to indicate the tendency of hydroxyapatite nanoparticles to 
agglomerate [35], which may also explain why nHap-containing infiltrants did not 
show greater penetration ability than Bag45s5-containing resin infiltrants. 
Another assumption is that micro-sized particles had precipitated on the 
enamel while the monomers penetrates the lesion. Possibly, the infiltrants containing 
the bigger particles did not infiltrate less than the nHap-containing infiltrants because 
only the monomer infiltrated and Bag45s5 particles remained on the enamel. In an 
earlier study that evaluated the remineralizing effects of bioglasses on bleached 
enamel [40], the authors found a deposition of bioglass particles on the surface of 
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specimens enamel, suggesting that bioglasses may act as a reservoir of ions for 
remineralization [40]. With this deposition in the occlusal surface, another benefit 
could be a sealant formation that would protect the enamel surface against 
demineralization process.  
The resin matrix significantly influenced the contact angle and penetration 
ability of resin infiltrants. Thus, the second hypothesis was rejected. TEGDMA 
showed lower contact angle than Icon© without addition of particles. When 
15v%Bag45s5 were added to infiltrants, the contact angle of TEGDMA was 
significantly lower than Icon© and T/B. The low viscosity of TEGDMA helps to 
elucidate the lower contact angle of infiltrants with this monomer. TEGDMA has 
molecular weight of 286 g/mol and low viscosity (η=0.01 Pa) while BisEMA has 
molecular weight of 540 g/mol and higher viscosity (η=0.9 Pa) than TEGDMA [41]. 
The viscosity of TEGDMA is 90 times smaller than BisEMA; this helps to explain the 
sustenance of contact angle values for TEGDMA infiltrants with the addition of 
particles, whilst infiltrants containing BisEMA decreased contact angle with addition 
of 15%v nHap.  
Although Icon© also is a TEGDMA-based resin [19, 42], it did not present 
the TEGDMA low contact angle to groups without particles. A recent research 
evaluated the contact angle of Icon® and 75wt%TEGDMA/25wt%BisEMA-based 
infiltrants [43]. It was found that Icon® presents lower contact angle than T/B [43]. 
Differently from their findings, in our study the contact angle of T/B was not 
statistically different from Icon®. In our study, we found similar values of contact angle 
for Icon® than the previous study, but lower contact angle for T/B infiltrants. The 
difference between the two researches may have occurred due to the surface used to 
evaluate the contact angle. In the present study, we used enamel of bovine teeth, 
whilst the other authors used glass microscope slides. The bovine enamel has 
hydrophilicity closer to human enamel than glass slides. In addition, the surface 
energy of bovine enamel and glass slide are different. Thus TEGDMA without 
particles showed lower contact angle than Icon® without particles. Previous findings 
showed differences in contact angle values for dental adhesives when evaluated in 
teeth compared to the same ones evaluated in glass [44].  
The penetration ability of T/B was significantly lower than TEGDMA and 
Icon©. The lower viscosity of TEGDMA helps to explain the minor penetration ability 
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values of T/B than TEGDMA and Icon® (>90wt% of TEGDMA in its composition) [19], 
and Washburn equation applies to elucidate the properties that did not follow 
together. Moreover, it has already been shown, by means of Washburn equation, that 
a 100% TEGDMA-based infiltrant has a higher penetrability than a 
75wt%TEGDMA/25wt%BisEMA-based infiltrant [9], besides the greater inhibition of 
the natural enamel caries lesion progression to 100%TEGDMA-based infiltrant in 
comparison to 75wt%TEGDMA/25wt%BisEMA-based infiltrant [12]. 
The outcomes of this study may be considered for the formulation of new 
bioactive resin infiltrants and may be followed for groups design in new researches. 
Further studies are ongoing to evaluate the remineralization potential of infiltrants 
tested in this study.   
 
Conclusion 
Based on the results of this in vitro study, it can be concluded that addition 
of bioactive particles may reduces the contact angle of Icon® and T/B infiltrants. The 
addition of nHap and Bag45s5 particles does not interfere in the penetration ability of 
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2.2. ARTIGO - Remineralization potential and particles morphological 
evaluations of experimental bioactive resin infiltrants: an in vitro study 
 
Abstract 
Objectives: To evaluate the remineralization potential of resin infiltrants incorporated 
with bioactive particles and analyze its morphology. 
Materials and Methods: Two experimental infiltrants - TEGDMA and 
75wt%TEGDMA/25wt%BisEMA (T/B); and one commercial infiltrant - Icon® were 
incorporated with nano-hydroxyapatite (nHap) or bioglass 45S5 (Bag45s5, SylcTM), in 
three concentrations: 0, 10, or 15v%. Artificial caries lesions were made in 75 human 
molars. The remineralization potential of resin infiltrants was evaluated in 75 human 
molars (n=5). Resin infiltrants were applied into lesions and crowns were submitted 
to demineralization/remineralization cycles for a month. Knoop microhardness (KHN) 
was measured at 20, 40, 60, 80, and 100 μm from the outer enamel surface, in 3 
rows: 5, 100, and 200 μm distant from lesion (DFL). In addition, the morphology and 
dimension of particles were analyzed by transmission (TEM) and scanning electron 
microscopy (SEM). Crystallinity of particles was analyzed by X-ray diffraction (XRD). 
KHN data was submitted to Friedman and Kruskal-Wallis tests (α=0.05). 
Results: The distance from lesion and enamel depth influenced the KHN hardness 
when Icon© and T/B+15v%nHap were used as infiltrant material. In both materials it 
was observed higher KHN at deeper enamel. 10v%Bag45s5 significantly reduced 
KHN of Icon©. Icon©+10v%Bag45s5 presented lower KHN than T/B+10v%nHap, 
T/B+10v%Bag45s5 and T/B+15v%nHap. Bag45s5 were irregularly shaped particles 
ranging from 20 to 40 μm in size with amorphous structure. nHap particles were 
spherical in shape particles ranging from 50 to 100 nm with hexagonal crystal 
structure.  
Conclusion: It can be concluded that infiltration of artificial caries lesions with infiltrant 
added with bioactive particles had no influence on KHN of enamel near to lesions.  
Clinical relevance: Resin infiltrants with remineralizing capacity can improve the initial 






   
 
Key-words 
Low viscosity resins. Tooth remineralization. Vicker’s microhardness. Durapatite. 
Calcium silicate. Sodium silicate. 
 
Introduction 
In the early stage of tooth carious process, the organic acids produced by 
dental biofilm cariogenic bacteria cause demineralization of the enamel [1], and white 
spot lesion is a sign at this moment, by increasing enamel porosity [2]. If this process 
continues, cavitation occurs, however prior to cavitation, the demineralized 
subsurface lesion may be remineralized [3]. 
Focusing initial enamel caries lesions, a treatment developed was the 
infiltration of white spots [4, 5], in which a low viscosity resin is infiltrated in the lesion 
body and subsequently is light-cured [4, 6]. Some authors proposed optimized resins 
to infiltrate initial enamel caries lesions, using monomers at different concentrations 
from those found in adhesives and sealants, naming them as resin "infiltrants" [7, 8]. 
Icon© is a commercially available infiltrant.  
Some studies have shown the efficiency of this product to arrest initial 
caries lesion [9, 10]. However, the infiltrate lesions are exposed to an aggressive 
environment and recurrent caries may occur. In this way, it could be useful if the 
infiltrant material may act as a protective material against demineralization cycles. 
Previous findings have been found that particles incorporation into resin material 
improves its physical properties [11, 12]. More recently, some authors have added 
bioactive particles into the resin infiltrants [12, 13] in order to prevent further 
demineralization of mineral-depleted enamel. Ass additional benefit, it was found that 
the incorporation of bioactive particles in resin infiltrants reduced the sorption and 
solubility of these materials and improved its mechanical properties [12].  
Mineralization can be stimulated within the lesion body by increasing 
calcium and phosphate concentrations to levels exceeding those in oral fluid [14]. 
Hydroxyapatite - Ca10(PO4)6(OH)2 is the most abundant mineral on teeth. It has 
interesting remineralization properties, which makes it an excellent candidate for 
bioactive therapeutics in dentistry [15]. Bioactive glass has been extensively studied 
in dentin remineralization due to its ability to form hydroxy carbonated apatite [16]. 
Bag45s5 is a sodium calcium phosphosilicate which forms a bond with bone so 
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strong that it cannot be removed without breaking the bone [17], this bioglass is used 
as bone defects repairer [18], implants material [18], polishing teeth procedures 
material [18], "air-cutting" which suggests a minimally invasive cavity preparation 
[19], dentin desensitizer [19], among others. This bioactive particle has excellent 
ability to induce calcium phosphate precipitation and subsequent crystallization in 
hydroxyapatite when immersed in protein or saliva free motile fluid solution [16]. The 
findings of a recent study showed higher conversion degree, Knoop microhardness 
and tensile strength when hydroxyapatite and Bag45s5 were added to resin 
compared to Icon® [12]. 
The microhardness test of demineralized and infiltrated lesions is a reliable 
method to obtain indirect information on changes in the dental hard tissues contents 
[10]. It has been carried out by several authors [10, 13, 20]. The morphological 
evaluations of bioactive particles, through their dimensions, formats, crystalline 
structure, among others, provides a better basis for the analysis of its 
remineralization potential [21]. 
Therefore, the aim of the study was to evaluate the remineralization 
potential of resin infiltrants with bioactive particles as well as to investigate the crystal 
structure, morphology and size of the bioactive particles. The hypotheses tested 
were: 1- the enamel microhardness near to artificial caries lesion would not be 
influenced by the enamel depth and distance from lesion; 2- the infiltrant materials 
would not influence the enamel microhardness near to artificial caries lesion.  
 
Materials and Methods 
The study was conducted after approval of the institutional ethics 
committee under the number 80200717.7.0000.5418. 
 
Preparation of resin infiltrants 
Three resin matrices were used: TEGDMA (Sigma Aldrich Inc - St. 
Louis/MO/USA) (98.4 wt% triethylene glycol dimethacrylate; 0.5 wt% 
camphorquinone photoinitiator; 1 wt% ethyl 4 dimethylaminobenzoate co-initiator; 0.1 
wt% butylated hydroxytoluene inhibitor), T/B (Sigma Aldrich Inc - St. Louis/MO/USA) 
(73.8 wt% triethylene glycol dimethacrylate; 24.6 wt% bisphenol A ethoxylate 
dimethacrylate; 0.5wt% camphorquinone photoinitiator; 1wt% ethyl 4 
35 
 
   
 
dimethylaminobenzoate co-initiator; 0.1wt% butylated hydroxytoluene inhibitor) [12] 
and Icon® (DMG - Hamburg/Germany) (methacrylate-based resin; initiators; 
additives). TEGDMA and T/B formulations were mixed with light and temperature 
controlled and mechanically blended using a centrifugal mixing device Speed Mixer™ 
(Flack Tek Inc – Landrum/SC/USA), at 2000 RPM, for 60s. The particles nano-
hydroxyapatite (nHap) (Sigma Aldrich Inc - St. Louis/MO/USA) or Bag45s5 (Sylc™ 
Denfotex – London/UK) (46.1 mol% SiO2, 24.4 mol% Na2O, 26.9 mol% CaO, 2.6 
mol% P2O5) were incorporated into the resins, in three concentrations 0, 10, or 
15%vol. Components were mixed for 20 minutes using a magnetic stirrer at 120 rpm 
followed by mechanical mixing in the Speed Mixer™ device at 2000 rpm for 1 minute. 
The study chart, containing the experimental bioactive resin infiltrants groups is 
shown in Figure 1. 
 
















1A – Resin matrices (TEGDMA – 98.4wt% triethylene glycol dimethacrylate; T/B – 73.8wt% triethylene glycol 
dimethacrylate and 24.6wt% bisphenol A ethoxylate dimethacrylate). 1B – Bioactive particles (Bag45s5 – 
46.1mol% SiO2, 24.4mol% Na2O, 26.9mol% CaO, 2.6mol% P2O5; nHap – nano-hydroxyapatite). 1C – 
Remineralization potential was evaluated in human enamel by Knoop hardness. 
 
Remineralization potential evaluation 
Seventy-five sound human molars teeth, extracted for orthodontic reasons 
were selected on the basis of visual observation using an optical stereomicroscope 
at x4.5 magnification. The inclusion criteria were no carious lesions, cracks or any 
other defects on the buccal surfaces. The teeth were stored in 1% chloramine 
solution at 4 °C. Using a low-speed diamond saw mounted in Isomet 1000 (Buehler - 






   
 
The crowns surfaces were covered with two layers of an acid-resistant nail 
varnish (Revlon® - New York/NY/USA), leaving a window of sound enamel exposed 
on the buccal surface (3 mm x 2 mm). To caries-like subsurface lesions formation, 
the crowns were immersed into a 0.05 M acetate buffer solution, pH 5.0, at 50% 
hydroxyapatite saturation, for 16 h at 37ºC. It was used 12 mL of solution for each 
crown (2 mL/mm²) [22]. 
Despite hydrochloric acid (HCl) is indicated to natural caries infiltrating 
preparation [23] and it is the Icon® application protocol according to manufacturers, 
we observed the presence of undesirable cracks on artificial subsurface lesions 
surface with HCl application. Moreover, the H3PO4 efficiency in artificial caries was 
verified in a previous study [24]. These assumptions, associated with the 
standardization requirement in the methodology, lead us to use H3PO4 to acid 
etching, even for Icon® groups. In this way, the caries-like subsurface lesions 
surfaces were etched with 37% H3PO4 gel Condac (FGM – Joinville/SC/Brazil) for 
60s, washed with water spray for 60s, and dried for 15s.  
The crowns were divided into fifteen groups (n=5) according to infiltrant 
material (Figure 1). The infiltrants were applied on the lesions using a microbrush, 
and left to penetrate for 3 minutes [25]. All infiltrants were light-cured for 40s with 
1000 mW/cm2 irradiance with LED light curing (Valo Cordless, Ultradent – South 
Jordan/UT/USA). After, the crowns were stored in phosphate-saline buffer solution 
for 24h, at 37°C. 
In order to simulate the conditions of infiltrated caries-like subsurface 
lesions in contact with oral fluids, the crowns were alternately immersed for 1h in a 
demineralization solution (DS) and 23 h in a remineralization solution (RS), for 30d, 
at 37ºC [14]. DS contained 75 mmol/L acetic acid, 2 mmol/L Ca(OH)2 and 2 mmol/L 
KH2PO4 (pH 4.3 - adjusted by 1M NaOH addition). RS contained 1.5 mmol/L 
Ca(OH)2, 150 mmol/L KCl, 0.9 mmol/L KH2 PO4 and 20 mmol/L TRIS buffer (pH 7.0 - 
adjusted by 1M HCl solution addition). 15 ml of DS (2.5 mL/mm²) and 7.5 ml of RS 
(1.25 mL/mm²) were used for each crown in each immersion time. The crowns were 
washed in distilled water at each solution exchanges.  
The crowns were cut longitudinally through the center using a diamond 
saw in Isomet 1000 (Buehler - Lake Bluff/IL/USA) to expose the entire area of the 
infiltrated lesion. The half-crown with major lesion were embedded in acrylic block so 
37 
 
   
 
that lesion area was at the surface. After, the specimen was polished with 1200-grit 
and 2400-grit silicon carbide abrasive paper. 
The KHN of enamel near to infiltrated lesion was measured by the 
microdurometer HMV 2 (Shimadzu - Tokyo/Japan) with 100 gf load for 5 s [26]. 
Fifteen points were evaluated in each specimen: 3 sites distant 5, 100, and 200 μm 
distant from the lesion (DFL) and at 20, 40, 60, 80 and 100 μm enamel depths (ED) 
[26], as shown in Figure 2. 
 
Figure 2 – Representative schematic figure of indentations rows and depths. 2a – crown 
slice; 2b – caries-like subsurface lesion; 2c – indentation rows and depths; 2d – 200μm-




Bioactive particles morphological evaluation 
The crystal structure of Bag45s5 and nHaP particles was observed in 
the XRD apparatus Shimadzu 7000 (Shimadzu – Kyoto/Japan), using CuK (alpha) 
radiation at 40 kV and 30 mA. Continuous readings were realized at angles from 10º 
to 60º in intervals of 0.05º for 10s [21]. The data interpretation was performed in the 
software Match! (Crystal Impact – Bonn/Germany). 
The nHap particles morphology was analyzed by TEM JEM 1400 (Jeol 
– Peabody/MA/USA), with 120kV acceleration voltage. The powder was dispersed in 
isopropyl alcohol and, after 24h, a few drops of supernatant were placed in nickel 
grids coated with polyvinyl film for observation [21]. The nHap particles dimensions 




   
 
The Bag45s5 (non-nanoparticulate) particles morphology was 
observed by SEM JSM - 5600LV (Jeol – Peabody/MA/USA). The powder was fixed 
to a metallic stub with carbon tape, and metalized for image analysis. The 
dimensions of Bag45s5 particles were measured in a SEM-coupled software. 
 
Statistical analysis 
Shapiro-Wilk’s test showed that remineralization potential data is not 
normal distributed. To test the influence of the distance from lesion and the enamel 
depth (intragroup comparison), Friedman test, an extension of the Wilcoxon signed 
rank test, was used for the within-subject design. When the difference was 
statistically significant, a post-hoc paired comparison was implemented using the 
nonparametric two related sample comparison method using the Wilcoxon rank-sum 
test with adjusting Bonferroni-corrected alpha level. Kruskal-Wallis test, an extension 
of the Wilcoxon rank-sum test, was applied to comparison of infiltrant materials 
(intergroup comparison). When the difference was statistically significant, a post-hoc 
paired comparison was implemented using the nonparametric two related sample 
comparison method using the Wilcoxon rank-sum test with adjusting Bonferroni-
corrected alpha level. For all comparisons the significance level was set at α=0.05. 
 
Results 
The KHN means can be seen in heat maps graphs in Figure 3. The 
distance from lesion and enamel depth did not influence the KHN (intragroup 
comparisons). Exceptions have been found for Icon©, in which the KHN at 5 μm 
DFL/20 μm ED was lower than at 5 μm DFL/100 μm ED (p=0.043), 200 μm DFL/60 
μm ED (p=0.012), and 200 μm DFL/100 μm ED (p=0.007). For T/B+15v%nHap 
material it was found that the KHN at 100 μm DFL/20 μm ED was lower than at 100 
μm DFL/80 μm ED (p=0.011). 
The comparison between infiltrant materials showed that Icon©+10v% 
Bag45s5 had lower KHN than T/B+10v%nHap at all DFL/ED. In addition, 
Icon©+10v%Bag45s5 had lower KHN than T/B+10v%Bag45s5 and T/B+15v%nHap 
at 100 and 200 μm DFL. The addition of 10v%Bag45s5 produced lower KHN for 




   
 
Figure 3 – Heat maps showing KHN means after demineralization/remineralization cycles. 
 









   
 
Figure 4 – Contrast graphs showing paired comparisons between experimental infiltrants and 
Icon© without particles. 
 
 
Yellow markings represent significant different Knoop hardness when experimental infiltrants were compared to 







   
 
The SEM micrograph showed irregularly shaped Bag45s5 particles 
ranging from 20 to 40 μm in size (Figure 5). 
Figure 5 – Representative SEM images of Bag45s5: original magnification 95x (a); 300x (b); 








   
 
TEM images show nHap particles, mostly with spherical shape, with the 
presence of crystal-shaped particles a lesser amount. The size of most particles 
ranged from 50 to 100 nm. However, a lesser amount of larger particles ranging from 
200 nm to 1 μm width were also observed (Figure 6). 
Figure 6 – Representative TEM images of nHap particles: original magnification 60,000x (a-







   
 
Bioactive particles diffractograms are shown in Figure 7. For nHap, the 
hexagonal crystal system was confirmed with Crystallography Open Database 
(COD): entry 96-900-2214. The Bag45s5 structure was evidenced as amorphous 
since there was an absence of defined peaks. 
 












   
 
Discussion 
The distance from lesion and enamel depth influenced the KHN hardness 
when Icon© and T/B+15v%nHap were used as infiltrant material. In this way, the first 
hypothesis was rejected. In Icon© the KHN at 5 μm DFL was lower than at 200 μm 
DFL. This probably occurred due the proximity of the infiltrated lesion. The distance 
from lesion was standardized at 5 μm instead of 0 μm to initiate measurements to 
avoid that the indentation was carried out on the infiltrated lesion. It is already known 
that this region is less hard than other enamel regions  
Both Icon© and T/B+nHap15v% showed lower KHN at the surface (20 µm) 
than at the deeper area. This probably occurred due the trapezoidal format of artificial 
lesion. At deeper enamel, the indentation was made more distant from the lesion. In 
this study, the evaluated indentation rows were not parallel to the lesion limit. This 
occurs because the artificial lesions do not have the same pattern from each other. In 
addition, it is difficult to realize the limit between the lesion and sound enamel. In this 
way, the standardization of indentation site was made based on the enamel surface. 
When Bag45s5 was added to infiltrants there was no significant influence of 
indentation site. This may have occurred due to the precipitation of Bag45s5 (micro-
sized particles) on the enamel, while the resin matrix penetrates into the lesion. 
Some authors found a deposition of bioglass particles on the enamel surface [27]. 
They suggested that particles on enamel could act as a reservoir of ions for 
remineralization [27]. Possibly, in Bag45s5-containing infiltrants, when indentation 
was made near to lesion, the ions releases by particles may have remineralized the 
superficial enamel. In this way, there was no difference between the superficial and 
deeper enamel hardness. 
The hypothesis 2 was rejected since Icon©+10v%Bag45s5 had lower KHN 
than Icon©, T/B+10v%nHap, T/B+10v%Bag45s5 and T/B+15v%nHap (100 and 200 
μm distant from lesion). The differences between Icon©+Bag45s510v% and other 
infiltrants probably occurred due to low microhardness of the former. All infiltrants 
presented a low remineralization potential at inner enamel. This may have occurred 
due to difficult of ions be released from polymer network. The infiltration causes a 
diffusion barrier by replacing the lost minerals by resin within the lesion body [6]. 
Some authors compared the surface hardness between Icon© and a fissure sealant, 
and also showed that Icon©-treated enamel surface was approximately the same as 
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that of sound enamel [28]. At another in vitro study, it was concluded that surface 
microhardness of resin infiltration is significantly higher than colloidal silica infiltration 
[10]. 
Bioactive particles morphological evaluations as size, shape and 
crystalline structure did not seem to be determinant for remineralization potential. 
Some authors have been able to connect the calcium and phosphate release, a very 
important factor for remineralization, with the surface area of particles [21]. It was 
shown that a material containing amorphous calcium phosphate, which had a surface 
area 5-11 times higher than other calcium phosphates, released approximately 2x the 
amount of calcium released by materials containing the other phosphates [21]. 
The outcomes of this study did not demonstrate a higher remineralization 
potential for nHap or Bag45s5 in both concentrations. It is necessary to carry out 
further studies to evaluate the potential benefits of addition of bioactive particles into 
resin infiltrants over time. In addition, it should be evaluated the influence of bioactive 
infiltrants applied on occlusal surface submitted to masticatory forces. 
 
Conclusion 
Based on the results of this in vitro study, it can be concluded that 
infiltration of artificial caries lesions with infiltrant added with bioactive particles had 
no influence on KHN of enamel near to lesions. 
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Os resultados do artigo 1 mostraram que a adição de partículas bioativas 
não aumentou o ângulo de contato dos infiltrantes resinosos, sendo que, de uma 
maneira geral, a adição de nHap diminuiu os valores, consequentemente 
aumentando a molhabilidade dos infiltrantes. Além da diferença de densidades das 
partículas nos infiltrantes, mencionada na discussão do trabalho, sugere-se que 
partículas de menor diâmetro demonstrem maior capacidade de penetração (Besinis, 
van Noort e Martin, 2012), propriedade que se relaciona inversamente ao ângulo de 
contato. No artigo 2, a microscopia eletrônica de transmissão mostrou que a maioria 
das partículas de Bag45s5 utilizadas no estudo dimensionavam entre 20 e 40μm, 
com a presença de partículas menores com 1 a 10μm. A microscopia eletrônica de 
varredura mostrou que a maioria das partículas de nHap utilizadas no estudo 
possuíam tamanho entre 50 e 100nm, com a presença de partículas maiores com 
200nm a 1μm. 
Porém, esta maior capacidade de penetração por parte de partículas de 
menor diâmetro (Besinis, van Noort e Martin, 2012) não foi confirmada na avaliação 
de habilidade de penetração do artigo 1. Neste trabalho discutiu-se a tendência das 
nanopartículas de hidroxiapatita em se aglomerarem (Besinis, van Noort e Martin, 
2012) para justificar tal fato. No artigo 2, por meio da microscopia eletrônica de 
varredura, realmente observou-se as partículas de nHap aglomeradas, o que ajuda a 
explicar o fato de os infiltrantes contendo nHap não terem apresentado maior 
habilidade de penetração do que os infiltrantes resinosos contendo Bag45s5. 
Outro fator que justificou os infiltrantes contendo Bag45s5 não terem 
infiltrado menos que os que continham nHap, no artigo 1, foi a força capilar do 
esmalte desmineralizado ter permitido o movimento dessas partículas maiores, uma 
vez que já foi demonstrado que o movimento de infiltração dos materiais não é 
diminuído pela presença de partículas relativamente grandes, justamente pela força 
exercida pela capilaridade do sólido (Askar et al., 2015).  
Ainda sobre a penetração dos infiltrantes contendo o biovidro, mencionou-
se, no artigo 1, a possibilidade da precipitação das partículas no esmalte enquanto 
apenas os monômeros infiltravam na lesão. Esta deposição de biovidro no esmalte 
já havia sido mostrada em estudo anterior, que avaliava o efeito remineralizante 
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dessas partículas no esmalte (Gjorgievske e Nicholson, 2011). Os autores também 
sugeriram que estas partículas precipitadas no esmalte poderiam ter o papel de 
reservatório de íons para remineralização do esmalte (Gjorgievske e Nicholson, 
2011). Porém, diante dos achados do artigo 2, parece plausível afirmar que esta 
liberação constante de íons não ocorre em infiltrantes Icon®, TEGDMA e T/B, com 
adição de Bag45s5 nas concentrações 10 e 15%vol. Nenhum desses grupos 
apresentou maior potencial de remineralização que outros grupos. Além disso, 
nesses grupos não se observou maiores valores de KHN nos pontos avaliados mais 
superficiais (20 µm), em relação aos pontos mais profundos no esmalte. Embora 
esta última afirmativa pode ser explicada, possivelmente, pela maior proximidade do 
ponto de profundidade 20 µm no esmalte à lesão em relação aos pontos de 
profundidade maior, devido à forma trapezoidal da lesão. 
A análise dos números dos dois artigos demonstra que uma maior 
habilidade de penetração não representa um maior potencial de remineralização, ao 
menos para os grupos avaliados nessas pesquisas. Icon® e TEGDMA apresentaram 
melhor habilidade de penetração que T/B em todos os grupos. O mesmo não 
ocorreu na avalição de potencial de remineralização, na qual apenas Icon© + 
Bag45s5 10%vol mostrou, em vários pontos, valores de KHN mais baixos que Icon©, 
T/B + nHap 10%vol, T/B + Bag45s5 10%vol e T/B + nHap 15%vol. 
De uma maneira geral, as propriedades habilidade de penetração e 
potencial de remineralização, respectivamente importantes para a paralisação e 
regressão do desenvolvimento de lesão de cárie em esmalte, não tiveram relação 
estabelecida quando se observa os resultados dos dois artigos deste trabalho. Para 
futuras pesquisas, a área superficial das partículas parece ser um fator que associa 
estas duas propriedades, de acordo com a literatura. Rodrigues et al., 2015 
conseguiram conectar a liberação de cálcio e fosfato a área de superfície das 
partículas. Foi mostrado que um material contendo fosfato de cálcio amorfo, com 
área superficial 5 a 11 vezes maior do que outros fosfatos de cálcio, liberou 
aproximadamente 2x a quantidade de cálcio liberada pelos materiais contendo os 
outros fosfatos. Além disso, partículas com a área superficial maior têm maior 
tendência a se dissolver (Mayo et al., 1999) e, sem aglomeração das partículas, esta 
maior solubilidade pode resultar em uma maior penetrabilidade. 
51 
 
   
 
Para futuros estudos, os resultados obtidos com relação à habilidade de 






































De acordo com os resultados deste estudo, pode-se concluir que: 
 
1. A adição de partículas bioativas nHap 15%vol reduz o ângulo de 
contato de Icon© e T/B; 
2. A adição das partículas bioativas nHap e Bag45s5 nas 
concentrações 10%vol e 15%vol não interfere na habilidade de 
penetração dos infiltrantes Icon©, TEGDMA e T/B; 
3. Os infiltrantes com matriz resinosa Icon© e TEGDMA apresentam 
maior habilidade de penetração que os infiltrantes T/B; 
4. A aplicação do infiltrante T/B com adição de Bag45s5 15%vol 
confere um melhor padrão de remineralização às áreas mais 
profundas do esmalte, em relação às áreas superficiais; 
5. A adição das partículas bioativas nHap e Bag45s5 nas 
concentrações 10%vol e 15%vol não aumenta o potencial de 























1) Andrade Neto DM, Carvalho EV, Rodrigues EA, Feitosa VP, Sauro S, Mele G, 
Carbone L, Mazzetto SE, Rodrigues LK, Fechine PBA. Novel hydroxyapatite 
nanorods improveanti-caries efficacy of enamel infiltrants. Dent Mater 
2016;32:784-93. 
2) Araujo GS, Sfalcin RA, Araujo TG, Alonso RC, Puppin-Rontani RM. Evaluation 
of polymerization characteristics and penetration into enamel caries lesions of 
experimental infiltrants. J Dent 2013;41:1014–9. 
3) Askar H, Lausch J, Dörfer CE, Meyer-Lueckel H, Paris S. Penetration of 
micro-filled infiltrant resins into artificial caries lesions. J Dent 2015;43(7):832-
8. 
4) Askar H, Schwendicke F, Lausch J, Meyer-Lueckel H, Paris S. Modified resin 
infiltration of non-, micro- and cavitated proximal caries lesions in vitro. J Dent 
2018;74:56-60. 
5) Banerjee A, Hajatdoost-Sani M, Farrell S, Thompson I. A clinical evaluation 
and comparison of bioactive glass and sodium bicarbonate air-polishing 
powders. J Dent 2010;38:475-9. 
6) Banerjee A, Thompson ID, Watson TF. Minimally invasive caries removal 
using bioactive glass air-abrasion. J Dent 2011;39:2-7. 
7) Besinis A, van Noort R, Martin N. Infiltration of demineralized dentin with silica 
and hydroxyapatite nanoparticles. Dent Mater 2012;28:1012-23. 
8) Buckton G. Interfacial Phenomena in Drug Delivery and Targeting. Chur: 
Harwood Academic Publishers 1995;pp51-3. 
9) Chen MH. Update on dental nanocomposites. J Dent Res 2010;89:549-60. 
10) Doméjean S, Ducamp R, Léger S, Holmgren C. Resin infiltration of non-
cavitated caries lesions: a systematic review. Med Princ Pract 2015;24(3):216-
21. 
11) Featherstone JD. Caries prevention and reversal based on the caries balance. 
Pediatr Dent 2006;28:128-32. 
12) Fejerskov O, Kidd E. Cárie dentária. A doença e seu tratamento clínico: 
Editora Santos 2005. 
54 
 
   
 
13) Gjorgievske E, Nicholson JW. Prevention of enamel demineralization after 
tooth bleaching by bioactive glass incorporated into toothpaste. Aust Dent J 
2011;56(2):193-200. 
14) Hench LL. Bioactive materials for gene control. In: Hench LL, Jones JR, Fenn 
MB, editors. New materials and technologies for healthcare. Singapore: World 
Scientific 2011:25-48. 
15) Hench LL, Splinter RJ, Allen WC, Greenlee TK. Bonding mechanisms at the 
interface of ceramic prosthetic materials. J Biomed Mater Res Symp 
1971;334:117–41. 
16) Jandt KD, Sigusch BW. Future perspectives of resin-based dental materials. 
Dent Mater 2009;25:1001–6.  
17) Khvostenko D, Hilton TJ, Ferracane JL, Mitchell JC, Kruzic JJ. Bioactive glass 
fillers reduce bacterial penetration into marginal gaps for composite 
restorations. Dent Mater 2016;32:73-81. 
18) Lampin M, Warocquier-Clérout, Legris C, Degrange M, Sigot-Luizard MF. 
Correlation between substratum roughness and wettability, cell adhesion, and 
cell migration. J Biomed Mater Res 1997;36(1):99-108.  
19) Langhorst SE, O'Donnell JN, Skrtic D. In vitro remineralization of enamel by 
polymeric amorphous calcium phosphate composite: quantitative 
microradiographic study. Dent Mater 2009;25(7):884-91.  
20) Lausch J, Askar H, Paris S, Meyer-Lueckel H. Micro-filled resin infiltration of 
fissure caries lesions in vitro. J Dent 2017;57:73-6. 
21) Lausch J, Paris S, Selje T, Dörfer CE, Meyer-Lueckel H. Resin infiltration of 
fissure caries with various techniques of pretreatment in vitro. Caries Res 
2015;49:50-5. 
22) Mandava J, Reddy YS, Kantheti S, Chalasani U, Ravi RC, Borugadda R, 
Konagala R. Microhardness and penetration of artificial white spot lesions 
treated with resin or colloidal silica infiltration. J Clin and Diag 
Res 2017;11(4):ZC142-6. 
23) Mayo MJ, Seidensticker JR, Hague DC, Carim AH. Surface chemistry effects 
on the processing and superplastic properties of nanocrystalline oxide 
ceramics. Nanostruct Mater 1999;11(2):271-82. 
55 
 
   
 
24) Meyer-Lueckel H, Bitter K, Paris S. Randomized controlled clinical trial on 
proximal caries infiltration: three-year follow-up. Caries Res 2012;46:544-8. 
25) Meyer-Lueckel H, Paris S. Improved resin infiltration of natural caries lesions. 
J Dent Res 2008;87:1112-6. 
26) Paris S, Bitter K, Renz H, Hopfenmuller W, Meyer-Lueckel H. Validation of two 
dual fluorescence techniques for confocal microscopic visualization of resin 
penetration into enamel caries lesions. Microsc Res Tech 2009;72:489-94. 
27) Paris S, Meyer-Lueckel AM, Kielbassa AM. Resin infiltration of natural caries 
lesions. J Dent Res 2007c;86(7):662-6. 
28) Paris S, Meyer-Lueckel H, Colfen H, Kielbassa AM. Resin infiltration of 
artificial enamel caries lesions with experimental light curing resins. Dent 
Mater J 2007a;26:582-8.  
29) Paris S, Meyer-Lueckel H. Infiltrants inhibit progression of natural caries 
lesions in vitro. J Dent Res 2010;89(11):1276-80. 
30) Paris S, Meyer-Lueckel H, Colfen H, Kielbassa AM. Penetration coefficients of 
commercially available and experimental composites intended to infiltrate 
enamel carious lesions. Dent Mater 2007b;23:742-8.  
31) Paris S, Soviero VM, Seddig S, Meyer-Lueckel H. Penetration depths of an 
infiltrant into proximal caries lesions in primary molars after different 
application times in vitro. Int J Paediatr Dent 2012;22:349-55. 
32) Rao A, Malhotra N. The role of remineralizing agents in dentistry: a review. 
Compend Contin Educ Dent 2011;32:26-36. 
33) Rodrigues MC, Natale LC, Arana-Chaves VE, Braga RR. Calcium and 
phosphate release from resin-based materials containing diferent calcium 
orthophosphate nanoparticles. J Biomed Mater Res 2015;00B(00):1-9. 
34) Sauro S, Osorio R, Watson TF, Toledano M. Therapeutic effects of novel resin 
bonding systems containing bioactive glasses on mineral-depleted areas 
within the bonded-dentine interface. J Mater Sci 2012;23:1521-32. 
35) Sfalcin RA, Correr AB, Morbidelli LR, Araújo TGF, Feitosa VP, Correr-
Sobrinho L, Watson TF, Sauro S. Influence of bioactive particles on the 
chemical-mechanical properties of experimental enamel resin infiltrants. Clin 
Oral Invest 2016;Nov:1-9. 
56 
 
   
 
36) Subramaniam P, Girish Babu KL, Lakhotia D. Evaluation of penetration depth 
of a commercially available resin infiltrate into artificially created enamel 
lesions: an in vitro study. J Conserv Dent 2014;17(2):146-9.  
37) Ten Cate JM, Larsen MJ, Pearce EIF, Fejerskov O. Chemical interactions 
between the tooth and oral fluids. In: Dental Caries. Fejerskov O, Kidd EAM, 
editors. Oxford: Blackwell Munksgaard 2003;pp.49-69. 
38) Wang L, Weng L, Wang L, Song S. Hydrothermal synthesis of hydroxyapatite 
nanoparticles with various counterions as templates. J Ceram Soc Jpn 
2010;12:1195–8. 
39) Yim H-K, Min J-H, Kwon H-K, Kim B-I. Modification of surface pretreatment of 





























Apêndice 1 – Metodologia ilustrada de Ângulo de contato 
 
1- Sequência para obtenção de paralelismo entre face vestibular plana dos incisivos bovinos e 
lâmina de vidro 
 
1a – cada duas coroas de incisivos bovinos foram posicionadas em placa de vidro com a vestibular planificada 
em esmalte para baixo, entre colunas formadas pelo mesmo número de lâminas de vidro; 1b – aplicação de cera 
pegajosa; 1c – posicionamento da lâmina de vidro sobre as duas colunas de mesma altura, de maneira paralela 
à placa de vidro, para fixação das coroas através da cera; 1d – coroas fixadas à lâmina de vidro com suas 
superfícies vestibulares planificadas paralelas à mesma. 
 
2- Espécimes e infiltrantes posicionados no goniômetro 
 
Seringa com o infiltrante interna ao dispositivo despeja a gota sobre a área vestibular planificada dos espécimes, 





   
 
Apêndice 2 – Metodologia ilustrada de Habilidade de penetração 
 
1- Janela oclusal 
 
Janela oclusal de 5mm² delimitada com esmalte. 
 
 
2- Imersão na solução de cárie artificial 
 
Imersão das coroas em 2mL de solução para formação de lesões subsuperficiais semelhantes à cárie para cada 
mm² de esmalte exposto. 
 
3- Condicionamento ácido 
 
Coroas imersas em tubos falcon contendo solução de H3PO4 37%. 
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4- Marcação com rodamina 
    
Coroas imersas em tubos falcon contendo solução de rodamina 0,1%. 
 
5- Aplicação dos infiltrantes 
 
5a – aplicação dos infiltrantes na superfície oclusal das coroas com pincel do tipo microbrush; 5b – fotoativação 
dos infiltrantes. 
 
6- Fatia contendo a lesão infiltrada 
     





   
 
7- Solução de clareamento 
        
Imersão das fatias em solução de peróxido de hidrogênio 30%. 
 
8- Marcação com fluoresceína 
 












   
 
9- Microscopia confocal 
 





















   
 
Apêndice 3 – Metodologia ilustrada de Potencial de remineralização 
 
1- Janela vestibular 
 
Janela vestibular de 3x2mm delimitada com esmalte. 
 
2- Condicionamento ácido 
 
Ataque ácido nas lesões subsuperficiais semelhantes à cárie formadas nas janelas vestibulares das coroas com 







   
 
 
3- Aplicação dos infiltrantes 
 
3a – aplicação dos infiltrantes na janela vestibular das coroas com pincel do tipo microbrush; 3b – fotoativação 
dos infiltrantes. 
 
4- Ciclagem Des/Re 
 
4a – imersão das coroas em tubo falcon contendo 2,5mL de solução desmineralizadora para cada mm² de 
esmalte exposto; 4b – lavagem das coroas; 4c – imersão das coroas em tubo falcon contendo 1,25mL de 








a b c 
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5- Corte para obtenção dos espécimes 
 
5a – coroa seccionada ao meio para seleção da metade que inclui a maior parte da lesão vestibular infiltrada; 5b 
– espécime incluído em stub com resina acrílica. 
 
6- Avaliação de microdureza Knoop 
 
















   
 




















   
 
Anexo 3 - Verificação de originalidade e prevenção de plágio. 
 
 
 
 
 
